Introduction
Several human monoclonal antibodies (hmAbs) that target conserved structures of the HIV-1 envelope glycoprotein (Env) exhibit relatively potent and broad HIV-1 neutralizing activity. 2F5, 1 and 4E10, 2, 3 bind to conserved linear epitopes in the membrane proximal external region of gp41; 4E10 has the broadest cross-reactivity, although its neutralizing activity appears to be assay dependent. 4 B12 binds to a conformationally invariant surface on gp120 and its epitope overlaps the CD4-binding site (CD4bs). [5] [6] [7] 2G12 binds to a conserved carbohydrate epitope on gp120. 8 These antibodies have been studied in animal models and human clinical trials. They showed potential as prophylactics, but have not demonstrated much promise as therapeutics. [9] [10] [11] [12] In a mouse model, b12 treatment allowed very rapid virus Potent and broad neutralizing activity of a single chain antibody fragment against cell-free and cell-associated HIV-1 escape. 13 In human clinical trials, 2F5, 4E10 and 2G12 were not able to significantly reduce viremia for prolonged periods of time. 2G12 was recently shown to affect HIV-1 replication in humans, but the effect was weak. 9 It appears that these antibodies do not exhibit potency and breadth of neutralization to such an extent that they can significantly reduce virus replication and inhibit or block the generation of resistant virus. One possible reason is that HIV-1 has acquired the ability to escape neutralization by antibodies generated by the immune system using a variety of mechanisms, including sterically restricted access to conserved epitopes.
14 Thus, the virus could quickly develop resistance to naturally occurring neutralizing HIV-1-specific antibodies; however, engineered antibody fragments of smaller size may be able to gain access to the highly guarded conserved structures of the Env. Such small fragments targeting sterically restricted regions Several human monoclonal antibodies (hmAbs) exhibit relatively potent and broad neutralizing activity against HIV-1, but there has not been much success in using them as potential therapeutics. We have previously hypothesized and demonstrated that small engineered antibodies can target highly conserved epitopes that are not accessible by full-size antibodies. However, their potency has not been comparatively evaluated with known HIV-1-neutralizing hmAbs against large panels of primary isolates. We report here the inhibitory activity of an engineered single chain antibody fragment (scFv), m9, against several panels of primary HIV-1 isolates from group M (clades A-G) using cell-free and cell-associated virus in cell line-based assays. M9 was much more potent than scFv 17b, and more potent than or comparable to the best-characterized broadly neutralizing hmAbs IgG 1 b12, 2G12, 2F5 and 4e10. It also inhibited cell-to-cell transmission of HIV-1 with higher potency than enfuvirtide (t-20, Fuzeon). M9 competed with a sulfated CCR5 N-terminal peptide for binding to gp120-CD4 complex, suggesting an overlapping epitope with the coreceptor binding site. M9 did not react with phosphatidylserine (pS) and cardiolipin (CL), nor did it react with a panel of autoantigens in an antinuclear autoantibody (ANA) assay. We further found that escape mutants resistant to m9 did not emerge in an immune selection assay. these results suggest that m9 is a novel anti-HIV-1 candidate with potential therapeutic or prophylactic properties, and its epitope is a new target for drug or vaccine development.
from a scFv X5 mutant library using sequential antigen panning. Both m6 and m9 exhibited broad cross-reactivity in neutralizing HIV-1 primary isolates, but m9 exhibited slightly greater potency than m6 as measured by a luciferase reporter assay for HIV infection. 19 Therefore, we conducted extensive testing of m9 neutralization activity in cell line-based pseudotyped virus neutralization assays to investigate its potential as an HIV-1 entry inhibitor. First, we tested m9 alone with two lab-adapted isolates (HXB-2 and JR-CSF) and five clade B and five clade C primary isolates in a U87 cell line-based assay, and with a panel of HIV-1 primary isolates from clades A, B, C, D and E in HOS cell linebased assay (Table 1) . M9 neutralized 10 out of 12 isolates tested with IC 50 ranging from 1 to 335 nM (the highest concentration used was 439 nM) in a U87 cell line-based assay. MuLV was used as a control in this assay. In the HOS cell line-based assay, m9 neutralized 9 out of 11 isolates tested. The clade A isolate (92UG029) and clade E isolate (CM243) were not sensitive to m9 at the highest concentration used. Human IgG from healthy individuals was used as a negative control. These data provide evidence for the broad cross-reactivity of m9.
Further pseudotyped virus neutralization assays were carried out to test m9 potency and neutralization breadth in comparison with scFv 17b and the four best-characterized broadly neutralizing mAbs b12, 2G12, 2F5 and 4E10. ScFv 17b is well characterized CD4i antibody and its epitope overlaps the coreceptor binding site. Although IgG 1 17b is a weak neutralizing antibody, scFv 17b was reported to be relatively potent, 14 especially as an sCD4-scFv 17b fusion protein. 20 We tested m9 side-by-side with scFv 17b and the four mAbs against 15 Env cloned pseudoviruses from HIV-1 clades A, B and C in a TZM-bl cell line-based assay ( Table 2) . M9 was shown to be significantly more potent than scFv 17b, and also more potent than b12, 2G12, 2F5 in neutralizing this panel of primary isolates from different clades. M9 neutralized all isolates; however, the IC 50 for one clade A isolate, Q259.d2.17, was about 1 µM (1,053 nM). ScFv 17b neutralized only two isolates from this panel (7%). 2G12 neutralized four clade B isolates (27%), but did not neutralize clades C and A isolates. Both b12 and 2F5 neutralized 60% of the isolates tested. B12 did not neutralize clade A isolates and 2F5 did not neutralize clade C isolates and one clade B isolate (PVO.4). 4E10 neutralized all the isolates in this panel.
Using the same TZM-bl cell line-based assay, the efficacy of m9 was further compared with 2F5 and 4E10 against another panel of primary isolates from clades A, B, C, D, AE and AG ( Table 3) . M9 exhibited higher potency than 2F5 and 4E10 in neutralizing this panel of isolates. M9 neutralized 89% of the isolates tested, while 2F5 and 4E10 neutralized 37 and 53%, respectively.
We previously reported increased efficacy of HIV-1 neutralization by some CD4i and gp41-specific antibodies at low CCR5 surface concentration. 21 Here we tested m9 with a panel of clade C isolates in an M7-Luc cell line-based assay ( Table 4) . M7-Luc cells have much lower CCR5 surface density than TZM-bl cells. Five clade C isolates tested in the TZM-bl cell line-based assay, Du123.6, Du151.2, Du156.12, Du172.17 and Du422.1, were also included in this M7-Luc cell line-based assay for comparison.
on the Env could exhibit neutralization activity superior to large antibody molecules. In addition, small antibody fragments may have advantages over full-length antibody molecules in penetrating lymphoid tissues where the virus replicates.
Antibodies to CD4-induced (CD4i) epitopes are frequently found in HIV-1-infected individuals, and are thought to primarily target the coreceptor binding site. 15 These polyclonal antibodies can bind and potently neutralize different subtypes of HIV-1 and the divergent HIV-2 in the presence of soluble CD4 (sCD4), indicating that the CD4i coreceptor binding surface is highly conserved. 15 On average though, these polyclonal antibodies are weak neutralizers in the absence of sCD4. Similarly, anti-CD4i mAbs exhibit limited neutralizing activity in vitro, likely due to restricted access to their epitopes.
14 Antibody fragments derived from anti-CD4i mAbs that target the coreceptor binding site, e.g., Fab X5 and Fab m16, have been shown to potently neutralize a variety of HIV-1 primary isolates from different clades. 16, 17 The crystal structure of an HIV-1 gp120 core complexed with CD4 and Fab X5 showed that the epitope of Fab X5 includes highly conserved gp120 amino acid residues. 18 The functional importance for virus entry and the sequence conservation make the coreceptor binding site an attractive potential target for development of antibody-based and small molecule entry inhibitors.
We have previously reported the selection of m9 from an scFv X5 mutant library by sequential antigen panning, and its improved binding and neutralization activities.
19 M9 differed from its parental X5 at three residues: S181T, D229G and T251N. These three changes substantially enhance m9's breadth and potency over the parental X5, but the potency of m9 has not been comparatively evaluated with the best-characterized HIV-1-neutralizing hmAbs against large panels of primary isolates. Here, we report m9's inhibitory activity against several panels of primary HIV-1 isolates from group M (clades A-G) using cell-free and cell-associated virus in cell line-based assays. M9 exhibited superior activity compared to the best-characterized HIV-1-neutralizing hmAbs IgG1 b12, 2F5, 4E10 and 2G12, and scFv 17b. It also inhibited cell-to-cell transmission of HIV-1 with higher potency than enfuvirtide (T-20, Fuzeon). To explore the mechanism of m9's potent neutralization activity, we measured the binding of m9 to gp120-CD4 complex in the presence of a sulfated CCR5 N-terminal peptide (R5Nt). Unlike X5 and 17b, m9 competed with R5Nt for binding to the gp120-CD4 complex, suggesting that the m9 epitope overlaps to a greater extent with the coreceptor binding site compared to those of 17b and the parental X5. We further tested m9 in an immune selection assay for generation of m9-resistant virus mutants, and in the antinuclear autoantibody (ANA) assay for the autoreactivity of m9 with a panel of autoantigens. The results suggest that m9 is a novel anti-HIV-1 candidate with potential therapeutic or prophylactic properties, and its conserved epitope is a new target for drug or vaccine development.
Results

M9
potently inhibited the entry of cell-free HIV-1 in cell-line based assays. As previously reported, we isolated m6 and m9 Neutralization was measured as a reduction in luciferase gene expression after a single round of infection of tZM-bl cells with HIV-1 env pseudotyped viruses. Samples were assayed at multiple concentrations in duplicate. the highest concentration tested was 50 µg/ml for each antibody IgG1 and 29 µg/ml for antibody scFv fragment. titers were calculated as the inhibitor concentrations causing a 50% reduction (IC 50 ) of relative light units. IC 50 s in µg/ml were converted to nM for comparison. percentage neutralized is the percentage of isolates with IC 50 below the maximum antibody concentration (335 nM) tested. For m9 and scFv 17b, if the IC 50 is over 335 nM, but below the maximum concentration tested (957 nM), the actual IC 50 is indicated in parentheses. Seven primary isolates from clade B and five from clade C were tested using U87 CCR5/CXCR4 as target cells in the phenoSense entry assay as described in Materials and Methods. the highest concentration tested in this assay was 439 nM (=13.3 µg/ml). A panel of 11 primary isolates from clade A, B, C, D and e were tested in a pseudovirus assay using HoSCD4CCR5 as target cells. the highest concentration tested in this assay was 1,650 nM (=50 µg/ml). percentage neutralized (%) is the percentage of isolates with IC 50 below the maximum antibody concentration tested in each assay (439 nM in U87 cell line-based assay and 1,650 nM in HoSCD4CCR5 cell line-based assay).
M9 competed with a sulfated CCR5 N-terminal peptide (R5Nt) for binding to gp120-CD4 complex. To explore the mechanism of the broad neutralization activity of m9, we did a competition ELISA of m9 with a sulfated R5Nt peptide which showed inhibitory activity by competing with cell-associated CCR5 on target cells. 24 Like the parental antibody scFv X5, the binding of m9 to the Env was enhanced by sCD4. 19 The Fab X5 epitope on the gp120 was revealed by the crystal structure in complex with a gp120 core and sCD4. It was also shown to overlap the coreceptor binding site on gp120. We hypothesized that m9 epitope is likely to be located close to the X5 epitope; however, antibody competition ELISA with R5Nt showed that only m9 competed with R5Nt for binding to gp120 complexed with sCD4 (Fig. 1) . Neither scFv X5, nor IgG 1 X5, nor IgG 1 17b competed with R5Nt, indicating that the epitope of m9 is different from those of X5 and 17b. The competition of m9 with R5Nt may partially explain the improved neutralization potency and breadth of m9 compared to scFvs X5 and 17b. The potent neutralization activity of m9 suggests that its epitope may have potential use as a target for drug or vaccine development.
Generation of m9-resistant HIV-1 mutants is unlikely to occur. M9 targets a highly conserved structure overlapping the functionally important coreceptor binding site, thus the emergence of m9-resistant viruses is of relatively low probability. We tested m9 for the possibility of generation of antibody-resistant HIV-1 mutants in tissue cultures. We performed serial passages of IgG 1 b12 was previously tested against this panel of clade C isolates by measuring IC 80 value, therefore the same assay conditions and inhibitory concentration (IC 80 ) were used when testing m9 against this panel of clade C isolates. Both assays were carried out in the same laboratory. The results showed that m9 neutralized 76% (13 out of 17) of the clade C isolates with an average IC 80 value significantly lower than that of IgG 1 b12. 22 B12 neutralized 56% (9 out of 17) of the isolates tested. For the same five clade C isolates, m9 showed an overall higher potency in M7-Luc assay ( Table 4 ) than in TZM-bl assay ( Table 2 ). This result is consistent with our previous finding that the coreceptor density on the target cell surface reversely affects the potency of CD4i antibodies, while it has little effect on the potency of CD4bs antibodies, e.g., b12.
21
M9 potently inhibited cell-to-cell transmission of HIV-1.
Cell-to-cell transmission is likely a major route for HIV-1 infection in vivo. 23 Therefore, we tested the inhibitory activity of m9 in a CCR5-dependent cell-to-cell transmission assay using HIV-1 JR-CSF ( Table 5 ). In this cell-to-cell transmission assay, m9 was significantly more potent (lower IC 50 and IC 90 ) than the anti-HIV drug enfuvirtide, indicating that m9 can effectively block CCR5-dependent cell-to-cell transmission of HIV-1. M9 also showed higher potency than 2F5 and 4E10 that were included in this assay for comparison. These results suggest that m9 could exhibit potent activity in vivo where HIV-1 is thought to infect new cells mostly through this route. adding the effector cells to the target cells and visual inspection of the target cell monolayers was performed as part of the assay to confirm the integrity of the target cells. Virological synapses have been identified recently as a mechanism for virus transfer, 26, 27 but the effect of mitomycin C on the formation of virological synapses in this model system is still under study. In addition, the virological synapse is not necessarily the only mechanism of cell-to-cell transmission. Cell-associated virus is not necessarily internal to the cell and only transferred via the synapse. It can 89.6 in MT2 cells in the presence of serially diluted m9. Figure 2 shows the result from four serial passages in an immune selection assay. Even though the serially passaged virus was obtained each time from wells with concentrations well above the ID 50 (about 12.5 µg/ml), the infectivity pattern was essentially the same on each occasion, indicating absence of very low concentrations of resistant virus during the time frame of this experiment. There was no observed trend for progressive increase in resistance on subsequent passages. The ID 50 s of the second, third, and fourth passages were close to two-fold higher than that of the first passage, but there was no difference in ID 50 between repeated testing of unpassaged and first passaged virus (data not shown). The results indicate that the virus could replicate at low levels in the presence of inhibitory concentrations of m9, but such a process would be unlikely to result in selection of a virus resistant to neutralization by m9. M9 lacks reactivity with autoantigens. The potent in vitro neutralization activity of m9 suggests that m9 may have potential for in vivo application as an HIV entry inhibitor for treatment of HIV-1 infection. To determine whether m9 may cause autoimmune response in clinical application and how specific the m9 epitope is, we tested the binding of m9 to phosphatidylserine (PS) and cardiolipin (CL) in an ELISA and a panel of autoantigens in an ANA assay ( Table 6 ). M9 did not react with PS or CL, nor did it react with the panel of autoantigens in the ANA assay. Another CD4i antibody, IgG 1 m16, 17 was also tested in both assays and, similarly, did not show autoreactivity.
Discussion
Here we report extensive characterization of m9 for potency and neutralization breadth in cell line-based assays. In this study, we used four different target cells (U87, HOS, TZM-bl and M7-Luc) in the cell line-based assays and the neutralization assays were conducted in several independent laboratories. The results of this study demonstrate that m9 can broadly and efficiently neutralize cell-free HIV-1 independent of virus tropism. In comparison with the best characterized HIV-1 neutralizing cross-reactive mAbs b12, 2F5, 4E10 and 2G12, m9 showed superior neutralization potency in cell line-based assays. M9 also exhibited higher potency than scFv 17b; ScFv 17b-CD4 fusion protein is under development as a microbicide.
We previously reported that the coreceptor concentration on the target cell surface affects the neutralization activity of some CD4i and gp41-specific mAbs. 25 In this study, we observed the same phenomenon with m9. The same five clade C isolates (Du123, Du151, Du 156, Du172 and Du422) were included in both TZM-bl ( Table 2 ) and M7-Luc (Table 4) cell line-based assays. M9 showed overall higher potency in the M7-Luc assay than in the TZM-bl assay, most likely due to the fact that M7-Luc cells have lower coreceptor density than TZM-bl cells.
M9 also potently inhibited cell-to-cell transmission of HIV-1 with potency greater than that of the entry inhibitor enfuvirtide. In this cell-to-cell transmission assay, we treated the effector cells with mitomycin C in order to induce cell death without impairing virus transmission. Mitomycin C was washed away before also be external to the cell, i.e., associated with the cell membrane and transferred by interaction of HIV Env between the two cells. Cell-to-cell transmission may be the dominant route for HIV transmission in vivo and in tissue cultures. 23 The broad and potent neutralization activity of m9 suggests its potential as an anti-HIV-1 therapeutic or prophylactic agent.
Drug resistance is a major problem in HIV-1 prevention and therapy, and escape mutants could be a concern in clinical applications. We tested m9 in parallel with IgG 1 b12 for the induction of antibody-resistant mutants of HIV-1 by in vitro passaging of the virus in the presence of the antibodies. Significantly, escape mutants resistant to IgG 1 b12 soon emerged, but those resistant to m9 were not detected after three months of passaging.
In an attempt to explore the reason why m9 is more potent than the parental X5 and 17b, we did a competition ELISA with a sulfated CCR5 N-terminal peptide (R5Nt). The result showed that, unlike X5 and 17b, m9 competed with R5Nt for binding to gp120 complexed with sCD4, suggesting a shifted epitope of m9 on the coreceptor binding surface compared to X5 and 17b. The sulfated N-terminus and the second extracellular loop of CCR5 are critical for the binding of CCR5 to the HIV-1 Env. 24 The competition of m9 with R5Nt may partially explain the improved neutralization potency and breadth of m9 compared to X5 and 17b. The potent and broad neutralization activity of m9 suggests that its epitope is conserved and may have potential use as a novel target for therapeutic agents.
To determine whether m9 may cause autoimmune disease in clinical application and the specificity of the epitope of m9, we tested its binding to PS and CL in an ELISA, and to a panel of autoantigens in an ANA assay. M9 did not react with PS or CL, or with the panel of autoantigens in the ANA assay (Table  6) . Furthermore, in our cell cytotoxicity assay based on the production of ATP, m9 showed no cell cytotoxicity even at 6.6 µM (200 mg/L), the maximum concentration tested.
The potent in vitro neutralization activity, lack of reactivity with autoantigens and lack of cell cytotoxicity suggest that m9 may have potential as an HIV entry inhibitor for prevention and treatment of HIV-1 infection and AIDS. Alternatively, since m9 is a CD4i antibody fragment, an CD4-m9 fusion protein may show enhanced potency. M9 could possibly be used as an HIV-1 -specific microbicide for prevention of sexually transmitted HIV-1. In this application, m9 or the m9-CD4 fusion protein could be used alone or in combination with HIV-1-specific or nonspecific microbicides, such as pH-modifying drugs, 28 anionic polymers, 29 non-nucleoside reverse transcriptase inhibitors (NNRTIs) 28, 30, 31 and CCR5 inhibitors [32] [33] [34] that are currently in clinical trials. 32, [34] [35] [36] [37] [38] [39] [40] In conclusion, our results suggest that m9 is a novel anti-HIV-1 candidate with potential as a therapeutic or prophylactic agent, and its epitope is a new target for drug or vaccine development. Binding of m9, scFv X5, IgG 1 X5 and IgG 1 17b to gp120 JRFL -CD4 complex in the presence and absence of CCR5 N-terminal peptide (Nt). one µg/ml of JRFLgp120 in complex with two-domain CD4 was directly coated on microplates. three-fold serially diluted biotinylated m9, scFv X5, IgG 1 X5 and IgG 1 17b were simultaneously added to the wells with (solid symbols) or without (empty symbols) 2 µg/ml (final concentration) of R5Nt. Bound biotinylated antibodies were revealed by horse radish peroxidase conjugates to streptavidin and ABtS substrate. Standard deviation was less than 5%. with mitomycin C (200 µg/ml) (Sigma-Aldrich) for 60 min at 37°C in order to induce cell death without impairing virus transmission, and were then washed once with media. Test articles were added to the target cells followed by 1,000 effector cells. The effector and target cells were incubated with test articles for 4 h, followed by 3 washes with media. Twenty hours after assay initiation, the assay media was removed and the cells were lysed by adding 100 µL lysis buffer containing 20 mM Tris, pH7.5, 50 mM NaCl, 0.5% Triton-X-100 with one cycle of freeze-thaw prior to testing the lysate using an HIV-1 p24 ELISA following the manufacturer's instructions (PerkinElmer).
Competition ELISA of m9, X5 and 17b with R5Nt (position 2-15: DYQVSSPIY*DINY*Y, Y10 and Y14 are sulfated). Competition ELISA with R5Nt was performed by directly coating 1 µg/ml gp120 JRFL and sCD4 complex (prepared by mixing 1:2 molar ratio recombinant gp120 with two-domain sCD4 followed by incubation at room temperature for 30 min) on 96-well plates, followed by addition of three-fold serially diluted biotinylated m9 and control antibodies in the presence and absence of 2 µg/ml R5Nt. Bound antibodies were detected using horse radish peroxidase conjugated to streptavidin and ABTS as substrate for color development.
Immune selection assay. HIV-1 strain 89.6 virus pools were prepared by propagation in MT2 suspension cell culture in Dulbecco's Minimal Essential Medium (DMEM) supplemented with 10% fetal bovine serum and antibiotics. Medium was harvested when nearly all cells in the suspension appeared to be giant cells by light microscopy. Infectivity of virus pools was determined by titration in MT2 cells. Fifty microliters of five-fold serial dilutions of virus suspension in DMEM media were placed in 96-well microtiter plates, and 150 µl of MT2 cells in DMEM medium were added to each well, 1 x 10 4 cells per well. The number of cells was added that generally grew to achieve 75-100% confluence by 7 days in culture. Plates were incubated at 37°C in 5% CO 2 for 3-7 days, and the number of giant cells per well was enumerated daily using light microscopy beginning on day 3 or 4. The virus dilution that resulted in appearance of a few giant cells on day 3-4, and nearly complete giant cell formation on day 6 or 7 was used for immune selection assays. Immune selection Recombinant Envs from primary isolates were obtained as described previously. 41 The human mAbs b12, 2F5, 4E10, 2G12, 17b and peptide enfuvirtide were obtained from the ARRRP. IgG 1 X5, Fabs X5 and m16 were produced in our laboratory. Horse radish peroxidase-conjugated streptavidin was purchased (Zymed Laboratories Inc., San Francisco, CA). M9 protein was produced as previously described. 19, 42 HIV-1 cell line-based neutralization assay. Four cell lines, U87, HOS (Table 1) , TZM-bl (Tables 2 and 3 ) and M7-Luc (Table 4) were used in cell line-based assays. U87 and HOS cell line-based assays were previously described. 43 The TZM-bl assay was carried out by using an HIV-1 Env pseudotyping system and TZM-bl target cells containing a tat-inducible luciferase reporter and expressing CD4, CCR5 and CXCR4. The degree of virus neutralization by antibody was achieved by measuring luciferase activity as described previously. 44 Inhibitory concentrations were determined as the concentrations required to reduce relative luminescence units (RLU) by 50% (IC 50 ), 80% (IC 80 ) or 90% (IC 90 ) compared to the luciferase activity in virus control wells (no test sample). M7-Luc cell line-based assay (Table 4) is very similar to TZM-bl cell line-based assay, but the target M7-Luc cells express CCR5 and contain a tat-responsive Luc reporter gene. M7-Luc cell line-based assay requires multiple rounds of replication.
Materials and Methods
Cells
44
CCR5-dependent cell-to-cell transmission assay. The CCR5-dependent cell-to-cell HIV-1 transmission inhibition assay ( Table 5 ) was also previously described. 45 The assay uses the CD4-positive GHOST X4/R5 cell line as target cells for transmission of virus from MOLT-4/CCR5 cells (effector cells) chronically infected with HIV-1 JR-CSF derived from the molecular clone pYK-JRCSF. Twenty-four hours prior to the assay, the target cells were seeded in 96-well flat bottom microtiter plates at 10 4 cells per well. On the day of assay, effector cells were treated Anti-gp120
the ANA assay was carried out using the AtheNA Multi-Lyte ANA system as described in Materials and Methods. the eLISA and SpR assays for antibody binding to pS and CL are previously described. 46 ,47 M16, another CD4i antibody, 25 was tested side-by-side with 4e10 and 2F5. SLe high cardiolipin serum was used as a positive control and gave positive scores for Ro, SSB, Sm, RNp, Scl 70, dsDNA and Histone. Reactivity of mAbs was scored based on the relative count: -for score <100 units, +/-for 120 > score > 100, and + for score >120. the antigens are nuclear and cytoplasmic proteins: Ro, Rose antigen; SSA, Sjogren's syndrome antigen; Sm, Smith antibodies; RNp, Ribonucleoprotein; Scl, scleroderma; Jo1, histidyl-transfer RNA synthase. * ANA assay data for mAb 2F5 was previously published. 46 of bead suspension and the manufacturer's suggested protocol was followed for performing the assay. ELISA and SPR assay for antibody binding to phospholipids were carried out as described earlier. 46 Fung for their helpful discussions. We also thank Monogram Biosciences for performing U87 cell line-based assays, Clay Osterling for performing the CCR5-dependent cell-to-cell transmission assays, and Ms. Jenny Ng for help with preparation of the manuscript. This research was supported by the internal funds from The University of Hong Kong, by the NIH Intramural AIDS Targeted assay was performed as follows: two-fold serial diluted mAbs with a start concentration of 150 or 200 µg/ml were prepared in DMEM medium and dispensed in 25 µl aliquots to 96-well tissue culture plates. Equal volumes of virus suspension containing virus dilutions determined above were added to each well. The mAb-virus suspension was incubated at room temperature for 30 min and cell suspension added to a total volume of 200 µl. Plates were incubated at 37°C in 5% CO 2 for 6-7 days. The number of giant cells per well was enumerated daily using light microscopy beginning on day 3-4. Virus was subjected to the sequential passages in serial dilutions of m9. For each subsequent passage, the medium from the wells that showed any number of giant cells was tested for infectivity. Virus recovered from the wells with the highest concentration of m9 that yielded growth on titration was used without passage for subsequent selection.
Autoimmunity test. The ANA assay was carried out using the AtheNA Multi-Lyte ANA system II. AtheNA Multi-Lyte polystyrene beads used in the assay were conjugated with the following autoantigens: Ro, Rose antigen; SSA, Sjogren's syndrome antigen; Sm, Smith antibodies; RNP, Ribonucleoprotein; Scl, scleroderma; Jo1, histidyl-transfer RNA synthas, Centromere B and Histone. Samples were diluted in 6 two-fold steps starting at 300 µg/ml. 10 µl of each dilution was added to 50 µl
